Introduction
Since the great commercial success of the lithium-ion battery in 1991, there has been dramatic progress in order to satisfy the requirements of fast developing cellphones, electric vehicles, and large-scale energy storage systems. However, conventional lithium-ion batteries that are based on graphite anodes can hardly meet the increasing demand for high-energy, costeffective, and reliable electrical energy storage. The lithiated graphite anode in currently marketed lithium-ion batteries has a gravimetric capacity of only 372 mA h g
À1
, and lithium-ion battery technology based on carbonaceous materials is approaching its theoretical performance limits. An urgent requirement for lithium-ion batteries is the exploration of new materials possessing high energy densities that could potentially serve as alternatives for lithium-ion batteries based on this design. New battery technologies such as batteries based on lithium metal or silicon have emerged, targeted on high energy. However, these batteries suffer from intense safety issues, stemming from uneven lithium electrodeposition/formation of lithium dendrites or electrode volume expansion. Lithium-ion batteries are designed for great reliability since lithium ions are hosted in a supporting material, preventing formation of lithium dendrites and reducing the huge volume expansion.
Transition metal oxides as anodes for lithium-ion batteries have received much attention since 2000 when Poizot et al. rst reported their high lithium storage capacity and special conversion mechanism. 1 The challenges for transition metal oxides are oen associated with the large voltage hysteresis, which limits the energy efficiency of electrochemical redox reactions. [2] [3] [4] [5] Although the mechanism is still not clear, it could be due to the poor electronic conductivity, the slow charge transfer kinetics and the structural instability. [6] [7] [8] [9] [10] [11] Most of the cells using transition metal oxides display voltage hysteresis from 0.7 to 1.0 V, among which cells with iron oxide/rGO show a lower overpotential of around 0. 31 have been proven to stabilize the cycling behavior and increase the lithium storage capacity. Iron oxides with small particle size possess large specic surface areas, facilitating the contact between electrode and electrolyte, and shortening the diffusion path of lithium ions in the vicinity of the electrode. The void space amongst the nano-sized particles can accommodate the volume expansion and maintain the structural stability during cycling. The uniform particle size can generate uniform stress/strain over the entire electrode, preventing local cracking of the electrode during the lithiation and delithiation processes.
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Owing to its excellent electrochemical properties such as high electrical conductivity and high lithium storage capacity, 15 graphene has attracted great research interest for application in lithium-ion batteries. For the fabrication of graphene, oxygencontaining groups such as C-O-C, -OH and -COOH are oen introduced onto the surface of graphene to yield graphene oxide (GO). This enables good solubility in water, generates an electrostatic force with the electropositive groups and forms assembled nanocomposites. Therefore, Fe x O y /rGO composites using GO as a precursor for rGO have been fabricated for lithium-ion batteries. 17, 18, [33] [34] [35] [36] However, the precursors used for the preparation, which are important for exploring the reaction mechanisms, have rarely been discussed in previous literature. Additionally, Fe x O y /rGO with nano-sized (typically less than 10 nm) iron oxides that uniformly anchor on the surface of the rGO nanosheet has rarely been reported. Herein, we report a facile strategy of improving the capacity and cycling stability of lithium-ion batteries via the use of rGO doped Fe 3 O 4 nanoparticles as anode materials. Different precursors for making the iron oxides were extensively discussed and ultra-small iron oxides were successfully prepared, uniformly embedded in rGO nanosheets. GO nanocomposites were collected from centrifuging the mixed solution of the Fe(OH) 3 sol and the GO solution.
Experimental section

Materials characterization
TGA was performed in an air atmosphere from room temperature to 800 C at a heating rate of 10 C min À1 on a PE TGA7 thermal analyzer. Powder XRD measurements were carried out in a PANalytical X'Pert PRO X-ray diffractometer with Cu-Ka radiation at a scanning rate of 10 min À1 . XPS measurements were carried out in a VG ESCALAB spectrometer with an Al-Ka (1486.8 eV) X-ray source to characterize the crystal phase of the iron oxide. SEM was performed with a Hitachi SU8010 scanning electron micro-analyzer with an accelerating voltage of 5 kV. TEM was conducted at 200 kV with a Philips Tecnai 12 eld emission microscope. Raman spectra were recorded by a Horiba Jobin Yvon LabRAM HR Evolution Raman spectrometer with 532 nm wavelength. The Brunauer-Emmett-Teller (BET) surface areas of the samples were measured using a Micromeritics TriStar II porosity and surface area analyzer. 
Results and discussion
The synthesis procedure is schematically depicted in Fig. 1 . As the surface of the GO nanosheets has oxygen-containing groups, Fe(OH) 3 nanoparticles can be uniformly adsorbed on the surface, forming Fe(OH) 3 /GO nanocomposites under electrostatic force, 37 which was veried by transmission electron microscopy (TEM) and scanning electron microscopy (SEM) analyses (Fig. S1a-c †) . The homogeneously attached Fe(OH) 3 nanoparticles were created for uniform Fe 3 O 4 loading during the subsequent reactions. Additionally, hydrazine was added for the pre-reduction of Fe(OH) 3 /GO, and the GO in Fe(OH) 3 (1)
We also compared Fe 2 O 3 /rGO produced from a hydrothermal reaction with Fe(OH) 3 and GO as precursors and hydrazine as a reductant (Fig. S2a and b †) . This shows that employing VC as the reducing agent not only yields Fe 3 O 4 but also enables the formation of iron oxides with smaller particle sizes. The reductive product formed using bare hydrazine is Fe 2 O 3 , which was veried by XRD analysis (Fig. S2c †) Fig. 2d shows the Raman spectra of GO, rGO, Fe 3 O 4 /rGO-180 and Fe 3 O 4 /rGO. This allows us to assess the degree of disorder in the carbon materials. The spectra of these four materials show two pronounced peaks: a D peak at about 1350 cm À1 and a G peak at about 1590 cm À1 . The D peak corresponds to the disordered structures with defects, while the graphitic structures with order are responsible for the G peak. The degree of disorder in the carbon materials is oen determined from the ratio of the peak intensities (R), I D /I G . 33 The increased value of R in rGO reects the presence of more disorder or carbon defects.
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Fig . 3a and c 3 is more uniform than that using FeCl 3 $6H 2 O as a precursor. 43 We also created pure Fe 3 O 4 nanoparticles using hydrazine and VC at 180 C and they display similar morphology to the nanoparticles in Fe 3 O 4 / rGO-180 ( Fig. S4a and b †) . Fig. 3b and d S5a-c †) . During the subsequent cycles, the cathodic peak P4 shis to 0.79 V, which is due to the diminished polarization effect. 37 It can also be seen that there are no visibly pronounced changes in the peak position and current amplitude aer the rst cycle, indicating that Fe 3 O 4 /rGO has excellent cycling stability. (Fig. S8 †) .
Conclusions
In summary, we fabricated a uniform Fe 3 O 4 /reduced graphene oxide nanocomposite electrode by a hydrothermal reaction using Fe(OH) 3 and graphene oxide as precursors, and vitamin C and hydrazine as reductants. The oxygen containing groups in the graphene oxide nanosheets facilitated the uniform distributions of Fe(OH) 3 nanoparticles on the surfaces of rGO via electrostatic forces. Fe 3 O 4 /rGO nanoparticles were further calcined to increase the crystallinity of Fe 3 O 4 and to increase the degree of graphitization of rGO. From electrochemical measurements, it was found that cells using Fe 3 O 4 /rGO nanoparticles as the electrode deliver a reversible capacity of 1108 mA h g À1 aer 400 cycles at 0. 
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